Medicinal carbon (MC) granules were prepared by the wet granulation method (wet mass extrusion) using carboxymethylcellulose sodium (CMC-Na) as a binding agent. In addition, croscarmellose sodium (CC-Na) was used as an additive at 0 -10％ (w/w) to MC. The obtained granules were examined in vitro for the physical strength, disintegration properties and adsorption characteristics. From friability tests, all the granules had good strength. They slightly disintegrated in the disintegration test with water for 30 min, but the addition of CC-Na significantly reduced the granule weight after the disintegration test. It was suggested that the addition of CC-Na should facilitate water immersion and consequently cause components such as CMC-Na or CC-Na to be lost partially; though such changes in the physical state could not be discernible to the naked eye. In adsorption experiments using acetaminophen solution (0.6 mg/mL), the adsorption capacity was almost retained in all the granules. Although the adsorption rate of the granules without CC-Na was fairly slower than that of MC powder, it was significantly improved by the addition of the CC-Na at 4 and 10％ (w/w). In particular, the granules with CC-Na at 10％ (w/w) displayed 65％ (w/w) of saturated adsorption with a small coefficient of variance (<7％) at 20 min after the start of the adsorption test. Thus, since the MC granules with CC-Na at 10％ displayed good physical strength, high adsorption capacity and a fairly fast adsorption rate, they are suggested to be useful as a compact MC dosage form.
Introduction
Medical carbon (MC) is a ne powder of activated charcoal and is used clinically as an oral adsorption agent of various chemicals distributed in the gastrointestinal tract. 1, 2) MC is usually taken to treat intoxication caused by ingested toxic substances, harmful metabolites generated in the gastrointestinal tract or drug overdose. [3] [4] [5] [6] In the case of acute and heavy poisoning, MC can be used as an adsorbent in hemoperfusion, in which the blood or plasma is directly treated with the adsorption agent. [7] [8] [9] [10] In addition, as many drugs are secreted inside the gut lumen from the blood or tissue uids by the partition theory, ingested MC is available to remove such drugs secreted into the gastrointestinal tract, which is known as gastrointestinal dialysis. [11] [12] [13] [14] Acetaminophen (AA) overdose can induce acute hepatotoxicity. The drug is known to be subjected to use with an overdose; [15] [16] [17] [18] that is, as it can be bought easily by the users' own will, it is sometimes overdosed due to its low therapeutic effect, 19) or, in some cases, AA is used for deliberate self-poisoning. MC exhibits good adsorption potential to AA, and is possibly useful for detoxi-cation induced by AA overdose. [20] [21] [22] Thus, in the present study, AA was chosen as a model adsorption drug to MC.
Patients suffering from intoxication are generally required to ingest a large amount of MC. 20, 23) MC has the characteristics of high scattering and adhesion to the used container. Also, as the patients must generally ingest a large amount of MC, they are forced to drink a lot of water or an aqueous suspension, resulting in reduced compliance. Therefore, compact dosage forms have been developed recently to handle and ingest MC more easily. 22, 24, 25) We previously reported tablets as dosage forms that could correct such drawbacks. 4, 25) When hydroxypropylcellulose (HPC) and maltitol (MT) were used as binders in the tablet production, the adsorption capacity of MC was reduced. 22, 25) On the other hand, sodium caboxymethylcellulose (CMC-Na) hardly affected the adsorption capacity of MC. However, when tablets was produced by the wet granulation process (wet mass extrusion) using CMC-Na as a binder, they were fragile. So, in the previous paper, a MC tablet was produced by the modified wet compression method; 26) namely, MC or mixture of MC and CC-Na (10:1, w/w) was kneaded using CMCNa aqueous solution (binder) at the CMC-Na/MC ratio of 1/10 (w/w), and then, the resultant wet mass was granulated by manual extrusion with a 18-mesh sieve, and dried. After the obtained granules (125 mg) were placed in the cylinder of the die (10 mm inner diameter), 280 μL of 2.5％ (w/v) CMC-Na aqueous solution was added again. The resultant mixture was compressed manually to obtain tablets. The obtained tablets without and with CC-Na, named T1 and T2, respectively, contained 166 mg and 140 mg of net MC (dried MC), respectively. Both tablets showed a fairly high hardness, rapid disintegration and sufficient adsorption capacity. In particular, T2 showed rapid adsorption rate. However, the adsorption extent was varied considerably in the early time (coefcient of variance = 21 and 27％ at 10 and 20 min, respectively), which remained to be solved.
A granule formulation is another possible choice for the compact dosage form. Considering that the above MC tablet containing CMC-Na and CC-Na as additives in uenced the adsorption capacity very slightly, MC granules produced with CMC-Na and CC-Na as additives were expected to keep high adsorption capacity. To our knowledge, MC granules with CMC-Na and CC-Na as additives have not been examined much for the physical properties and adsorption features. In this study, MC granules were prepared with the wet granulation using CMC-Na and CC-Na as a binder and additive, respectively, followed by manual extrusion. The obtained granules were evaluated by the examination of their physical properties and adsorption characteristics. Louis, MO, USA). All other chemicals used were of reagent grade.
Materials and Methods

Materials
Preparation of MC granules and tablets
The formulations of MC granules are shown in Table 1 and were produced by the wet granulation followed by manual extrusion as follows: Results and Discussion
Particle characteristics of MC granules
When the MC granules stood in air at room temperature, they lost moisture gradually. The moisture changed in a similar manner for all the granules. The moisture levels were 59 -68％ (w/w) and 30 -33％ (w/w) on the 1st and 7th day after granulation, respectively. Two weeks after granulation, the moisture levels are shown in Fig. 1 .
The moisture tended to be lost more with the increase of the CC-Na content; 27％ (w/w) in GR0, falling to 21％ (w/w) in GR3. The moisture levels scarcely changed from 2 weeks until 2 months after granulation for each granule; during that period, the moisture decreased by approximately 1％
(w/w) at most, which was observed in GR3.
Therefore, the in vitro studies were performed using the MC granules 2 -3 weeks after granulation.
The strength of the granules was investigated by comparison of their size distribution between before and after the friability test, though sieve classi cation was roughly conducted using three types of sieves (10-, 12-and 42-mesh). This method was employed because the breakdown pattern could be obtained as well as defacement.
All the MC granules exhibited a similar size distribution pattern ( Table 2 Fig. 2) , and the weight rather tended to increase, which might be due to slight moisture remaining or adsorbed. On the other hand, GR1-GR3 displayed a signi cant de- Table 2 Size distribution (％, w/w) of granules before and after friability test crease in weight as compared with the initial amount (comparison with 100％ in Fig. 2) . Also, their remaining percentage was signi cantly less than that of GR0 (compassion with R0 in Fig. 2 ).
These suggested that the granules with CC-Na should lose the content to some degree by the disintegration test, while the granules with no CCNa, GR0, were considered to be little changed.
Since CC-Na has high water absorption potential, the granules with CC-Na was considered to be subjected to water absorption. As MC powder appeared to only a slight extent by the disintegration test, CC-Na might primarily promote dissolution of CMC-Na or loosening of CC-Na, resulting in their disappearance from the granules, that is, the decrease in weight of the granules after the disintegration test. Generally, CC-Na functions as a disintegrant in the compact state, by rapid water absorption and following swelling pressure. 27) However, CC-Na was used in wet condition in the production of the present granules, and no compaction was conducted for them. Therefore, for the present granules, CC-Na did not exist in a compact state, which would be the reason that CC-Na hardly showed the disintegration power in the test.
Adsorption characteristics of MC granules
In this study, the adsorption pro les were investigated according to the experimental conditions stated in the previous reports on the tablets, T1
and T2 (see Introduction). Namely, the two experiments were performed at the conditions of the net MC amounts of 166 (T1) and 140 mg (T2).
The adsorption data of T1 and T2 were referred to for the evaluation of the adsorption features of the present granules as described below. sorption.
For the granules containing CC-Na (GR1-GR3), the adsorption test was performed under the same condition as in the tablet with CC-Na at 10％ (T2). 26) The results are shown in Fig. 4 . For each sample, the adsorption saturation was almost completed after the incubation for 3 h. The mean adsorption amounts at 24 h were 44.9, 43.8 and 41.1 mg with GR1, GR2 and GR3, respectively.
On the other hand, the adsorption amount was 41.6 and 42.5 mg with MC powder (PW) and T2, respectively. These results suggested that the addition of CC-Na up to 10％ should in uence the adsorption capacity of MC to only a slight extent.
The high retention of adsorption capacity was considered to be an excellent point of the present granules; the adsorption capacity was reduced in the granules prepared with MC and MT at the ratio of 5: 6 (w/w) to a fair extent (≈ 20％). the adsorption extent was caused more greatly in GR1-GR3 in the early stage. GR2 and GR3 exhibited signi cantly more adsorption amount than GR0 did (Fig. 4B) . Generally, the adsorption rate Thus, the adsorption test demonstrated that CCNa could accelerate the adsorption rate of the granules to some extent; the adsorption rate was signi cantly greater in GR2 and 3, especially in GR3.
In conclusion, the present MC granules could be prepared in the simple manner using a fairly small amount of CMC-Na as a binding agent, and
showed good strength and good adsorption capacity, though the adsorption rate was not so fast as that of MC powder. Although the addition of CCNa slightly changed the disintegration rate of the granules, it seemed to facilitate the water absorption and to in uence the change in granule state, such as dissolution or loosening of the components, leading to the promotion of the adsorption rate. The MC granules containing 10％ CC-Na (GR3) exhibited a good adsorption rate, suggesting that they might be possibly useful as a compact MC dosage form. 
